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It i s  e a s y  to ulldcrstalld  l~curistica]ly  w}Iy siIIglc-  f]cquc])cy  s])accborlIc radar  II]casuIwIncIIts, b y

tllclnsclvcs,  arc IIot, suf[ic.im]t  to s o l v e  t]]c illvcrsc  ]JIoLlc]n of rctricvi]]g  aII cxac,t ul]dcr]yillg  raill-
rate.  ])rofilc..  O]) 031c IIalld,  wc llavc  t,lIc uHk]Iow]I qllallt,  itics  collsistlil)g  of tllc continuous  ra in - ra te
function (of ral)p;c), along  with several additional colltil)uous  c)r discrctc rail] ~hara]nctcrs,  wlli]c olt
t,llc  Ot,llcr  lialld  tlic data c,ollsist  o f  a sing]c col)tilluous  fullctioll: tllc lnca,surd  radar rcflcctivit,y
])lofilc, ‘1’oo lna.l~y ul]kllowlls  wit,ll  too fcw cquatiolls. Several  scl)mncs  have been ])roposcd  to
crcatc add i t iona l  cqua,tioI]s  out of tl)c  brig] lt,]lcss  telll])craturcx  llmasurd  by a ])assivc  n)icrowavc
radimnctm,  tl}us generical ly gualallt,ccjng  tl]at t}lc  il)vcrsion  ]Jroblcl]l  can  bc solved if ol]c has as
lnally radiomctm  c.lla]~l)cls  as t,llcrc arc add i t iona l  ullkllowl]  rajll })aralnctmrs. ‘J’yj)ical SCIICJIICS  usc
ollc  ])assivc  lncasurcmcllt  to dctcrlnil)c  o]lc additiol]a] discrctc  rajll  varial)]c. ‘J’llc rc!sults r(!portc!d
ty]jically illdicatc  that  tltc solutiol]s  obtaillcd using  diflcrmlt radiolnctcr  cllanl}cls  do IIot coillcidc.

1  )jsc.rc])a)lc.im  suclI a s  tl)cse.  alc not UIICX])CC.!,(XI:  t,]Ic  JI)odc]s USC(1  ill ])ract,icc  to dcscribc  tl)e
rail] and its clcc.tlol]la!;llctic.  ])ro])crt,ics arc I)ut rou{~,ll  ;I])])loxil]latlj[)lls  of tllc Co]l]])lcx  ])llysics takillp;
l)lacc  - and tllc Ilmisumlncl]ts  tl}elnsclvm  arc noisy. ‘J’limdorc,  if o]]c is lookil]g  for aIi m;ict solution
to tllc illvcrsc  ])loblcln, t,llcl)  s tar t ing wit]]  tllc sall]t  llul]ll)cr  of u]lk])owl]s  as oI]c ])as cquatiolls,  Ollc
lnay wdl fiIId a ulliquc solutic)]l, but it I]lay or I]Iay IIc)t  l)c close  to tl)c  actual values tll{it  gave list
to tlic  ol)scrval,io]ls,  dc~)clldillg;  oll tlic sc)ulccs of c1 I or and tl]cir S])cc.ific cfl’cct.  If O]lc Sialk(l W i t h
fewer (or IIIOIC) ullkllowlls  t,llall cxluatiolis,  OIIC. WOUI(l  gcllcrically  c]ld u]) wit]l disc.rcl)fillcics  l.wtwccll
tl]c  tllcorctical]y  ])rcdictcd v a l u e s  aIId tllc iictua]  ol)scrvatiol]s, wit}} 110 well-(lcfillcd ])l”ocdur(!  to
]cco]]ci]c  tl]c  lnisllmtc.  hcs U] IICSS O)IC zicc.oullts  fol  tl~c sourcm  of crmr.

‘J’llis  is ])rccisdy  tl]c  kind  of ])lol)lc]n wllicll a ltaycsial~  a])]) roac.11 call l]cI]) SOIVC o])tilllally.  I f-,
WC wr i te  1/ h lq)rcscllt all t,l)c uIIl{]IowIL qualltitlics  dcsc.ril)il~g,  tlic rail~,

+
-+ and ?~ for all t}lc  ])assjvc

lnicrowa.vc  olmrvations,  7j.a~Or for all tlic r a d a r  rc.flcdivjty  olwcrvatiolls  of t}lc rain colulnl],  tl]c
IIdycsiall  a])l)roacll  would collll)utc  tllc  ])rol)ahility  de.lisity fullctiol)  for j~ gjvml all tllc olmrvatiolls-,
avail al~lc (j; ;i]]d j~a~a, ). ‘J’llc  conditional  1~.d.f.  for II’, c.ollditiollcd  01] 1-j and j~u~~,  , satisfies

u]) t o  a IIorl]]alizatioll  collstallt. ‘J’llis  cquatic)ll ]iatu  ral] y sug;gcsts  a t~vo-stc])  l)ackw’alcl-f(~l}v;i  rd
l}] odurc  to colnl)ute  tllc  collditiolla]  dmsity fo r  ]/, ll)dccd,  wc l]avc  (lcvclo])cd  all alp;oritlllll t o
Colll])llk tl]c  t w o  factom ill t,l]c ligl}t-lla  l](l-siclc, and  llc]lcc tl]c ful l  c.ollililiollal  ])robability  dm)sity
ful)ctiol]  7J. AIOIIg wjtll  Ilollljl)cal  filtcrjllg  t,cc]ll]iqucs, wc usc a IIul)]crica]]y  st,al)lc IIit,sc.llfclcl-llol{lal)
(il,vcrsio,,)  algo,itll,,l  t o  C.o,n],utc  tl,c scco,,d  tcrln , and a (forward) II;ddillgtoll  a])]) mxi]natioll  tc)
C.oln])ute  tllc f i r s t . ‘J’l)c col)ditiollal  I]mi]ls of ‘P tllcll g ive  tllc cstilnatcs  of tl]c  rail] valiablcs,  ancl
tllc collditiol]a]  varjal]ccs  gjve  tllc IIlca]l-squard  u]lc.crtail)tics. WC alsc)  co]n])am tlIc u]lccrtaiIltics

Ilsill?;  this a])])rcmcl)  wit]] tllc ullccrtailii,ics  ill tllc  Iad:ir-olIly  cstill)atcs.


